neurobehavioral changes (Flaskos, 2009) . The gastro intestinal tract is the first organ to come in contact with food contaminants. At the same time, the intestinal epithelium represents the first line of defense against exogenous agents such as food antigens, live bacteria, bacterial products and other agents present in the intestinal lumen (Condette et al., 2015) . Excessive intestinal permeability to macromolecules leads to uncontrolled passage of antigens and start of intestinal inflammation and gastro intestinal diseases (Camilleri et al., 2012) . Although, chlorpyrifos was found to increase intestinal permeability through an ex vivo model study (Cook and Shenoy, 2003) , and an in vitro model (Tirelli et al., 2007) , a little is known about the chronic in vivo effect of chlorpyrifos on the gastrointestinal tract.
Propolis (also known as bee glue), a natural product collected by honey bees from various plant sources, is composed of mainly polyphenols and flavonoids that exhibit a variety of pharmacological actions such as antioxidant, antimicrobial, antiinflammatory and anticancer (Khalil, 2006) .
Thus the present study was done to investigate the toxic effect of chronic oral exposure to chlorpyrifos on jejunum of adult male albino rats and to evaluate the ameliorative role of propolis.
Materials and methods

Chemicals
Chlorpyrifos powder obtained from Sigma-Aldrich, Germany imported by Cairo Chemical Company. Propolis capsule (400mg purified propolis) obtained from Martinez Nieto, S.A., Cartagena, Spain. Animals The present study was conducted in accordance with the international guidelines for animal research and after the approval of the Institutional Review Board on animal research at Faculty of Medicine, Zagazig University, Egypt. Fifty adult male albino rats of average weight between 180-200 g were obtained from the animal house of Faculty of Medicine, Zagazig University. Before commencing experimentation, the animals were subjected to 10 days of a passive preliminary period in order to adapt themselves to their new environment, to ascertain their physical wellbeing and to exclude diseased animals. Food was offered in equal amounts to all rats in each cage, water was offered in separate clean containers. The rats were divided into three groups as follows: -Group I (control):-twenty rats included in this group and divided into 2 equal subgroups as follows: -Group Ia (negative control):-10 rats received only regular diet and tap water for 12 weeks to measure the basic parameters. -Group Ib (positive control):-10 rats, each was gavaged orally with 1ml corn oil (vehicle of CPF, propolis) once daily for 12 weeks. -Group II (propolis):-10 rats, each was gavaged orally with Propolis (400mg/kg body weight) dissolved in corn oil, once daily for 12 weeks (Bhadauria et al., 2008 ).
-Group III (chlorpyrifos):-10 rats, each was gavaged orally with CPF at a daily dose of 6.75 mg/kg {1/20 of the oral LD50 of CPF (135 mg/kg)} dissolved in corn oil for 12 weeks (Goel et al., 2005) . -Group IV (CPF+propolis):-10 rats, each was gavaged orally with CPF (6.75 mg/kg body weight) with simultaneous administration of propolis (400 mg/kg body weight) once daily for 12 weeks.
Methods
I-Biochemical analysis:
Twenty-four hours after the end of treatment in each group, venous blood samples were obtained from the retro-orbital plexus of anaesthetized animals, the blood was left for spontaneous coagulation and serum was separated for estimation of: 1. Serum Citrulline: as a biomarker for gut epithelial cell injury using Rat Citrulline ELISA kit Cusabio (catalog number CSB-E13414r). It was measured spectrophotometrically at a wave length of 450nm±2 and the results were expressed in nmol/ml 2. Circulating endotoxin core antibody IgG (EndoCab): as an index for bacterial translocation using EndoCab ELISA kit Hycult biotech (catalog number HK504). Concentrations of endotoxin core antibodies were measured using microtiter wells coated with equimolar amounts of endotoxin roughlipopolysaccharides from four Gram-negative bacterial species. Anti-endotoxin-core antibodies were captured by the solid phase antigen. Peroxidase conjugated antiIgG antibody was bound to captured endotoxin-core antibodies. The peroxidase conjugated antibody react with the substrate, tetramethylbenzidine (TMB).The enzyme reaction was stopped by the addition of oxalic acid. The absorbance at 450 nm was measured with spectrophotometer and the results were expressed in EndoCab standard median-units IgG (Gmu/ml) After obtaining venous blood samples, animals were sacrificed and part of jejunum was used for biochemical estimation of oxidative stress parameters while another part was prepared for histopathological examination and morphometric analysis.
II. Oxidative stress in jejunal mucosal tissue:
The jejunum was excised and profusely rinsed with 10-20 ml of cold saline. The mucosa was obtained by gentle scraping with a spatula (Martensson et al., 1990 ).
Malondialdehyde (MDA):
Concentrations of free MDA content, as indices of lipid peroxidation, in the defined jejunal mucosal samples were measured using Bioxytech MDA-586 Assay (Catalog number 21044). Samples were thawed, homogenized in phosphate buffer (pH, 7.4), and then centrifuged at 4000 x g for 10 minutes. Free MDA was assayed by its reaction with N-methyl-phenylindole to generate the chromophore product which was measured spectrophotometrically according to the manufacturer's instructions. The results were standardized relative to the protein concentration of the original Homogenate 2. Reduced glutathione (GSH): The jejunal mucosal tissues were homogenized in 5 volume of 5% 5-sulfosalicylic acid. The homogenates were centrifuged for 3 min at 10,000 x g at 40C and the supernatant solutions were immediately analyzed for total GSH by the GSH disulfide reductase 5,5'-dithiobis(2-nitrobenzoic acid) recycling procedure (Tietze, 1969 There was a significant decrease in the mean values of reduced GSH in CPF group when compared with -ve control group ( g p<0.0001) while there was a significant increase in the mean values of GSH in CPF+Propolyis group when compared with CPF group and a significant decrease when compared with -ve control group ( h p<0.05)( Table 1 ).
Histopathological and morphometrical results:
A strong negative correlation (r =-0.8191, p=0.005846) between Jejunal GSH level and Circulating endotoxin core antibodies IgG (Endocab) was detected using Pearson correlation (fig 1) .
Haematoxylin and eosin stained sections from jejunum of the control groups (Ia & Ib) and the propolis group showed normal jejunal structure in the form of mucosa containing finger like villi that protrude into the lumen, they are lined by simple columnar epithelium with basal oval nucli and brush border. There are intersepted goblet cells. The submucosa is composed of connective tissue with blood vessels. The muscle layer appeared normal (Fig 2, 3) .
While sections stained sections from jujunum of the CPF treated group showed disrupted villi with loss of epithelial cells and apparent vaculation and apoptotic darkly stained nucli. The muscle layer showed thickening and separation of muscle fibers (Fig  4, 5) .
The CPF+propolis group showed partial improvement with less vauclation and pyknosis. Also, there was improvement in the muscle layer pathology detected in the chlorpyrifos treated group (Fig 6) .
The statistical comparison among group Ia (-ve control), group Ib (corn oil) and group II (propolis) as regard mean values of morphometry measures (villi height and width) revealed no significant differences (p>0.05), so we used negative control group (Ia) as a standard reference for comparison with other treated groups.
The results of the study revealed significant difference among -ve control, CPF and CPF+Propolyis groups regarding jejuna villi height and width when compared with ANOVA test (*P<0.0001) Fig (7): measurement of the villi height using the image analyzer computer system Leica Qwin 500 (H&E ×100).
Fig (8): measurement of the villi height using the image analyzer computer system Leica Qwin 500 (H&E ×100).
Discussion
Chlorpyrifos is an organophosphorus insecticide. Although it has been withdrawn from markets by the manufacturer, it is still widely used indoor for insect control and in agricultural workplace especially in lowmiddle income countries like Egypt. This has raised the concerns for the Potential adverse health impacts from inadvertent exposure to chlorpyrifos in segments of the population either from short-term high level exposure or long-term low-level exposure with consequent toxic effects (Farahat et al., 2010) . Chronic exposure to low levels of CPF occurs from food and water contamination, dermal contact and inhalation and it is well absorbed by ingestion and inhalation route. Once CPF has been absorbed, it promptly distributes to all organs and concentrates in lipid-rich tissues (EPA, 2000) . Although the digestive tract is the first organ to come into contact with food contaminants, little is known about CPF's impact on the epithelial barrier (Tirelli et al., 2007) .
The aim of this work was to study the toxic effects of chronic oral exposure to chlorpyrifos on jejunum of adult male albino rats and to evaluate the protective role of propolis through evaluation of serum citrulline level as a biomarker of gut epithelial cells injury, circulating endotoxin core antibodies (Endocab IgG) as marker for bacterial translocation, oxidative stress markers in jejunal tissue (GSH, MDA) as a possible underlying mechanism and histopathological examination for the jejunum tissue.
The results of this study showed highly significant decrease in the serum citrulline levels in chlorpyrifos group when compared with both control and chlorpyrifos+propolis.
Citrulline is the metabolic product of glutamine, and its related amino acids, and arginine.It is synthesized almost exclusively by the intestine. Its plasma level has been identified as a biomarker of the functional small bowel enterocyte mass (Crenn et al., 2011 and Vokurka et al., 2013) . Injury to the small intestine can be measured by the decline in circulating citrulline levels, with lower values corresponding to more severe small intestinal damage. Serum citrulline has emerged recently as being the best tool in assessing small intestinal enterocyte mass , function and small bowel epithelial cell loss irrespective of the aetiology of the intestinal mucosal pathology and has been validated for quantitative enterocyte assessment in villous atrophy disease (Crenn et al., 2003) . Measuring citrulline serum level has the advantage of being simple, low cost and not influenced by nutritional status, level of hypoalbuminaemia, or inflammatory status (Downs, 2010 and Brazał et al., 2014) . The significant reduction in serum citrulline in chlorpyrifos treated group indicates injury in intestinal epithelium barrier which is crucial for maintaining homeostasis and preventing the passage of food antigens and luminal bacteria (Condette et al., 2014) .
These results are in accordance with Tirelli et al. (2007) who reported that there were two studies have shown that CPF increases intestinal permeability: an ex vivo model using the single pass intestinal perfusion method (with exposure to 0.1, 2 and10 mM CPF for 2 h) and an in vitro model based on an enterocyte cell line (with exposure to 30, 50 and 250 mM CPF) Also, Condette et al. (2014) proved that perinatal exposure to chlorpyrifos has short and long impact on digestive system causing alteration of mucosal barrier and morphological alteration in structures which in turn is associated with elevated permeability and bacterial translocation.
In the intestine, the interplay between gut bacterial colonization, the epithelial barrier and the immune system has a crucial role in the development of intestinal function. Excessive intestinal permeability to macromolecules may favor the uncontrolled passage of antigens and the onset of intestinal inflammation or gastrointestinal disease (Camilleri et al., 2012) . In this work circulating endotoxin core antibodies (Endocab IGg) assay has been done to investigate bacterial translocation due to disruption of epithelia barrier and endotoxemia which may trigger inflammatory responses (Gardiner et al., 1995) . Immunoglobulin is physically a more stable molecule than endotoxin and the assay is not affected by contamination. Antibody responses are sustained and are more likely to reflect previous endotoxin exposure, overcoming the problem associated with single sampling and transient endotoxaemia .
The results of this work revealed significant increase in the endocab IGg in chlorpyrifos treated group when compared with both control and chlorpyrifos+propolis group. This can be explained by the fact that IgG show significant initial fall as evidence of bacterial translocation and endotoxin release due to binding to these endotoxins and consumption of these antibodies, however IgG EndoCab concentrations recover within hours as 20% of EndoCab IgG is present in the peripheral circulation and the remainder is available as interstitial antibody reserves which quickly reconstitute circulating levels. Exposure to endotoxin is reflected in a rise in IgG EndoCab concentrations which inturn reflects chronicity of endotoxin exposure over more than 20 day period and hyperproduction of antibody by sensitized plasma cells (Clements et al., 1998) .
Endocab IgG was chosen as a marker for chronic endotoxemia because it is more seneitive than Endocab IgM which is present only in circulating blood and it falls in acute cases with more profound falls with chronicity (Goldie et al., 1995) .
Histopathological examination of jejunum tissue of chlorpyrifos group showed disrupted villi, with vaculation, loss of epithelial cells and dark stained apoptotic nuclei. Morphometric measures revealed significant decrease in both height and width of villi when compared with control and CPF+propolis groups.
In this study, Jejunum epithelium was chosen since its anatomy and physiology enables more distinct cell kinetics and minute description of enterocytes than other parts of the gastrointestinal tract. In addition, it represents a very dynamic part of the gastrointestinal tract and its villi allow much more absorption (Driák et al., 2008) Jejunal mucosa acts as an important barrier to toxic and harmful materials and protects an individual from different antigenic and inflammatory reactions. The epithelium of the small intestine is characterized by villi & crypts. Villi are folds of the epithelium into the lumen with a core of lamina propria. Villi are tallest in the jejunum The villus epithelium is composed of enterocytes and goblet cells.Disruption of the above mentioned structures are associated with impaired intestinal barrier function and lead to the passage of intraluminal contents into the systemic circulation (Rahner et al., 2001; Saudi et al., 2009 and Suzuki and Hara, 2010) . Moreover, the enteric bacteria and endotoxin reinforce the damage (Cani et al., 2009) . Ueno et al (2011) reported that decreased villous height and crypt depth in the jejunum were associated with decreased transmucosal resistance and increased permeability indicating intestinal barrier dysfunction Condette et al. (2014) reported that chronic CPF exposure in rats has a strong impact on epithelial barrier with changes in the paracellular permeability rather than transcellular transport.
It is difficult to say the exact mechanism by which CPF induced its effect on epithelial barrier, however one of the suggested explanation that, CPF may modify the function of the enteric nervous system and its associated cholinergic signaling, which in turn may modulate epithelial barrier permeability.
This can be explained by Cameron and Perdue (2007) who reported that cholinergic signaling is involved in the regulation of barrier function. Moreover, Zhang and Li (2012) suggested that a cholinergic agonist could ameliorates liposaccharides (LPS) induced intestinal epithelial tight junction damage and hence paracellular transport is regulated by a cholinergic signaling. Chlorpyrifos oxon is known to inhibit acetylcholinesterase activity which increases the amount of acetylcholine in the synaptic space (Eaton et al., 2008) . Consequently, we could suspect an overstimulation of acetylcholine receptors leading to a rise in nerve transmission. But CPF oxon has been described to block muscarinic receptors, reducing the potentially protective effect of acetylcholine on gut barrier dysfunction. (Liu et al., 2002 ) Ncibi et al. (2008) suggested that chlorpyrifos cause damage to the cellular molecules since it is lipophilic and can pass easily through the cells into the cytoplasm.
Another suggested underlying mechanism of CPF induced toxicity is oxidative stress (Ambali et al., 2010 a, b and Kanika et al., 2014) . They stated that both acute and chronic CPF toxicity are due to induction of an oxidative stress state with formation of ROS.
Also, Yonar et al. (2014) considered CPF exposure to as a stressor substance. In addition, Mazzon et al. (2002) found that stress disrupts intestinal homeostasis and increase the intestinal permeability in rats.
In the current study we investigated the possible oxidative stress effect of CPF through estimation of reduced GSH and MDA in jejunal mucosa and the results revealed significant decrease in GSH and increase in MDA when compared with control and CPF+propolis groups.
These results were in agreement with those of El-Banna et al. (2009) and Aly et al. (2010) who stated that CPF induce toxicity by generating free radicals and altering antioxidant levels of the free radical scavenging enzyme activity. Also, El-Kashoury and Tag El-Din (2010) reported that CPF directly impaired endogenous antioxidants like reduced glutathione (GSH), and the activities of antioxidant enzymes which can lead to the development of oxidative stress in different tissues.
Moreover, Verma et al. (2007) found that CPF produces oxidative stress resulting in the accumulation of lipid peroxidation products in different organs of rats. Also, Attia et al. (2012) stated that CPF treatment for 70 days cause significant reduction in antioxidant enzyme activities and elevation in lipid peroxidation level. In addition, Yonar et al. (2014) stated that Lipid peroxidation is the initial step of cellular membrane damage.
Reduced gluthathion (GSH) is the most abundant low molecular weight thiol in mammalian cells, serves as a crucial component of cellular antioxidant defences and. plays a key role in the detoxification of cellular free radicals, toxins and carcinogens (Henry et al., 2008) .They participate in the elimination of ROS, acting both as a non-enzymatic oxygen radical scavenger and as a substrate for various enzymes such as GSH-Px . The epithelial cells of the jejunum are highly dependent on GSH to detoxify peroxidized lipids and reactive electrophils in the mucosal epithelium (Samiec et al., 2000) . Glutathione (GSH) deficiency leads to increase susceptibility to oxidative injury and exacerbate degeneration of the epithelial cells of the jejunum (Martensson et al., 1990) . This epithelial damage results in translocation of luminal content to the inner layers of the intestinal wall with disruption of normal intestinal function and permeability (Bischoff et al., 2014) .
Malondialdehyde (MDA) is a biomarker for Lipid peroxidation which in turn is a valuable indicator of oxidative damage of cellular components. Most components of cellular structure and function are likely to be potential targets of oxidative damage, and the most susceptible substrates for autoxidation are polyunsaturated fatty acids of the cell membrane, which undergo rapid peroxidation. (Yonar et al., 2014) In CPF Propolis group; co-administration of Propolis caused partial increase in serum citrulline level, decrease in Endocab IgG, increase in GSH, decrease in MDA, increase in both villi height and width and partial improvement of histopathological changes when compared with chlorpyrifos treated group.
This can be explained by that propolis (bee glue), which contains a variety of chemical compounds such as polyphenols (flavonoid aglycones, phenolic acids and their esters, phenolic aldehydes, alcohols, and ketones), quinones, coumarins, steroids amino acids, and inorganic compounds, has been proven to have antioxidant (Kanbur et al., 2009) , antibacterial (Scazzocchio et al., 2006) , anti-inflammatory, immunomodulatory and immunostimulant activities (Yang et al., 2014) .
The antioxidant activity of propolis components is reported to be due to the reverse of consumption of glutathione (Castaldo and Capasso, 2002) and the direct radical scavenging effect (Mani et al., 2006) .
In addition, Jasprica et al. (2007) stated that propolis alone cause decrease in the MDA level, as it can hinder membrane lipid peroxidation and free radical formation. This may explain our findings that MDA levels in CPF+propolis group was not significantly different from those of control group.
Moreover, Cetin et al. (2012) and Yang et al. (2014) reported that propolis can inhibit microorganism growth and promote immune-stimulation with increased levels of serum IgG and IgM humoral immunity, elicit high antibody titer, elicit high and persistent mucosal immunity and enhance cellular response.
However, the partial improvement of biochemical and histopathological findings in CPF+propolis group when compared with control and chlorpyrifos group may be attributed to that CPF induced the toxic effect on jejunum not only due to oxidative stress but also may be due to its blocking effect on muscrinic receptors in gut and hindering acetylcholine protective effect on barrier or due to direct cell membrane damage. This needs further studies and investigation Another possible cause is that although propolis has antioxidant and anti bacterial effect , it was proven that propolis exert is antibacterial effect mainly on gram +ve bacteria (Stepanović et al., 2003) ,while in our study a significant increase in the circulating enotoxin core antibodies (Endocab IgG) for 4 gram -ve bacteria was detected .
Moreover, the oxidative stress and endotoxemia seemed to be correlated together as reported by Shuhei and Shinobu (2006) . They showed that oxidative stress induce epithelial barrier injury and bacterial translocation with endotoxemia which inturn seems to induce oxidative stress condition through decreasing the scavenger of free radicals or increasing mitochondrial ca load with impairment of mitochondrial function , loss of cellular structure and hence cell injury This was proved in our study where a negative correlation between GSH level and Endocab IgG was detected which means that decrease in the GSH will cause more disruption of epithelia barrier and hence more bacterial translocation and increase of Endocab which inturn will cause more decrease in GSH. Conclusion Chronic exposure to Chlorpyrifos at a daily dose of 6.75 mg/kg (1/20 of the oral LD50) for 12 weeks causes disruption of epithelial barrier of jejunum with increased permeability evidenced by increased endotoxin core antibodies (Endocab IgG) due to bacterial translocation with decrease in citrulline level which is an indicator of eneterocyte cell mass and function. These effects may be due to CPF induction of oxidative stress state evidenced by decrease in GSH and increase in MDA. Propolis can partially ameliorate the toxic effect of CPF by decreasing oxidative stress.
Recommendations
-Increase awareness of exposed personnel such as farmers and workers towards the toxicological hazards of chlorpyrifos, proper handling of its products and applicable access to information about proper use, the precautions needed and using the simplest hygienic and protective measures. -Encouragement of using propolyis as cheap, available and safe food supplement to decrease the risk of chlorpyrifos associated jejunal toxicity.
-Periodical clinical and laboratory examination of exposed workers is necessary. -Other Clinical and experimental studies on protective effects of propolis are needed mechanism involving GLP-2-driven improvement of gut permeability. Gut, 58(8):1091-103. Cani P, Possemiers S, Van de Wiele T et al., (2009) 
